Background It has been argued that salpingectomy would reduce the risk of epithelial ovarian cancer (EOC), based on the theory of the tube being the site of origin.
Introduction
Epithelial ovarian cancer (EOC) is the gynaecological malignancy with the highest mortality in the Western world, and has the second highest mortality globally after cervical cancer. 1 For a majority of the patients, the disease is diagnosed at a late stage and consequently has a poor prognosis. Despite progress regarding surgical techniques and chemotherapy, the overall survival for women with EOC has only improved marginally in the past 50 years, and the 5-year survival rate is still <50%.
2
Epithelial ovarian cancer includes a group of extremely heterogeneous carcinomas, all with differences regarding origin, molecular biology, morphology, gene expression, and behaviour. 3 Recent findings indicate that the fallopian tubes play a central role, and that the ovary is seldom the origin but is instead involved secondarily. Accumulated data support this theory, which has gained widespread acceptance. 4 The most fatal type of EOC, high-grade serous cancer (HGSC), is characterised by a chaotic genome with TP53 mutation, and represents 75% of all cases. For this EOC subtype, no preclinical lesions have been found in the ovaries, but a candidate precursor for HGSC, serous tubal intraepithelial carcinoma (STIC), has been detected within the fimbriae at the distal Fallopian tube. 5 The STICs are thought to implant on the ovarian and/or peritoneal surfaces, and after an occult period will develop into fastgrowing HGSCs. Endometrioid and clear-cell carcinomas are suggested to develop from the endometrium and from endometriosis as a result of retrograde menstruation, involving the tube as a transport route. [5] [6] [7] [8] Approaches to reduce the burden of cancer include two major strategies: screening, resulting in early detection, and more recently active prevention. Early diagnosis of EOC is challenging because of unspecific symptoms until late stages. Although existing screening methods may show satisfactory sensitivity and specificity, no conclusive impact on EOC mortality has yet been demonstrated using these methods. 9, 10 The current screening method (transvaginal ultrasound and serum markers) often leads to unnecessary surgery with unclear benefit for the patient. 9, 10 Based on the biological and genetic evidence that the fallopian tube is the origin of most EOCs, it has been suggested that bilateral salpingectomy would reduce the risk of EOC.
This systematic review aims to evaluate the present scientific support for opportunistic salpingectomy as a method to reduce the incidence of EOC, and whether it affects survival, health-related quality of life, endocrine function, operative time, and hospital stay in adult women undergoing benign hysterectomy or other abdominal gynaecological surgery leaving the ovaries intact.
Methods
We performed a systematic review according to established routines at the Regional Health Technology Assessment (HTA) Centre in the Region V€ astra G€ otaland, Sweden. The population, intervention, comparison, and outcomes (PICO) were defined as follows. The population (P) of interest was adult women who underwent hysterectomy or other abdominal gynaecological benign surgical procedure. The intervention (I) was opportunistic salpingectomy and the comparison (C) was no salpingectomy. The outcomes (O) were ovarian cancer (including borderline tumour, malignancy of the fallopian tubes, and peritoneal cancer), survival, endocrine function (ovarian function during fertile age and induced menopause symptoms), complications, health-related quality of life, operative time, and length of hospital stay.
Literature search
Systematic literature searches were conducted by two librarians in PubMed, Embase (OvidSP, 1980 to present) and the Cochrane library, including HTA databases. The last search was performed on 3 September 2015. Searches were conducted using controlled vocabulary and title/abstract words. Variations of the terms 'salpingectomy' or 'tubectomy' or 'fallopian tube removal' were combined with variations of the terms 'prophylactic' or 'risk' or 'opportunistic' or 'reduction' or 'prevention'. A detailed description of the search strategies is available in Table S1 . In addition, reference lists of review articles were scrutinised for relevant references. We included systematic reviews (SRs), randomised controlled trials (RCTs), nonrandomised controlled studies, and case series, the latter for the evaluation of complications, including menopausal symptoms. No case reports or review articles were accepted for inclusion. Studies regarding ovarian function in connection with fertility treatment were not included. Included publications were restricted to English or Scandinavian languages (Swedish, Norwegian, or Danish). Abstracts and unpublished studies were not searched. No limit for publication date was applied, but no article published prior to 2007 was found. No author was contacted.
In order to identify continuing or completed but still not published studies, we also searched www.clinicaltria ls.gov in October 2015.
Study selection
A total of 844 citations were found. Two research librarians at the Medical Library, Sahlgrenska University Hospital, Gothenburg, Sweden screened all the identified abstracts and, if needed, also read full-text articles. The studies were selected and reported according to the preferred reporting items for systematic reviews and meta-analysis (PRISMA) guidelines. 11 Those that did not fulfil the PICO were excluded. The remaining 23 articles were independently assessed for eligibility by all authors, followed by a consensus discussion for final inclusion in the systematic review. Eleven articles were finally included in the review.
As the aim of the present systematic review was to evaluate the effect of opportunistic salpingectomy on ovarian cancer, our primary outcome was ovarian cancer. The systematic search did not identify any studies that evaluated this outcome following opportunistic salpingectomy (i.e. salpingectomy concomitant with hysterectomy or any other abdominal surgery), but two studies in which indicated salpingectomy was compared with no surgery were found. 12, 13 We therefore extended our inclusion criteria for this specific outcome, ovarian cancer risk, to include also indicated salpingectomy in comparison with no surgery. The search did not identify any publication reporting on salpingectomy concomitant with any other gynaecological benign surgery other than hysterectomy either.
Thus, the present review addresses salpingectomy per se for EOC risk evaluation and salpingectomy concomitant with hysterectomy for evaluation of endocrine function, complications, health-related quality of life, operative time, and length of hospital stay.
Data extraction
One investigator extracted the data and at least two others verified the extracted data for each outcome. The extracted data included study design, the number of individuals (intervention and control), type of intervention and comparison, and the resulting outcomes: ovarian cancer, endocrine function, complications, operative time, and hospital stay, according to sound clinical principals.
Outcomes
The outcomes were subdivided into critical, important, and not important for decision-making according to the GRADE handbook.
14 The critical outcomes were ovarian cancer and survival, and the important outcomes were endocrine function, complications, and health-related quality of life. The less important outcomes were operative time and hospital stay.
Quality assessment
The appraisal of the included articles was performed by the use of validated checklists for RCTs and CTs from The Swedish Agency for Health Technology Assessment and Assessment of Social Services (SBU), 15 and modified by HTA-centrum. 16 Case series were critically appraised using a slightly modified previously published checklist for case series. 17 The appraisal addressed directness (external validity), risk of bias (internal validity), and precision, and is presented in three levels.
The certainty of evidence across studies was assessed by all authors and rated for all outcomes separately using the GRADE approach. 18, 19 Disagreements were solved in consensus.
Statistical analyses
When possible, extracted data were pooled in meta-analyses (requiring means and SDs reported for continuous outcomes). When instead medians and ranges were reported in the original articles, data were explored for the type of distribution. If the data showed a normal distribution, means and SDs could be estimated for inclusion in the meta-analysis. Different study designs were not pooled, but analysed and presented separately. Meta-analyses were performed using REVIEW MANAGER 5.3. A random-effects model was applied. The effect estimate was expressed as mean differences with 95% confidence intervals (95% CIs). The individual studies and the pooled estimates were presented graphically in forest plots. Statistical heterogeneity was examined using the chi-square test and the I 2 characteristics.
Results
The systematic literature search identified 844 publications after the removal of duplicates. A total of 815 records were excluded by reading titles and abstracts. Eighteen articles were excluded after reading the full text. They are presented along with the reason for exclusion in Table S2 . Eleven of the studies were eligible and were included in the final assessment. These are presented along with their study characteristics in Table S3 . The selection process is summarised in Figure 1 . Two of the included studies were RCTs, 20, 21 seven were cohort studies, 12, [22] [23] [24] [25] [26] [27] one was a case-control study, 13 and one was a case series. 28 Seven of the studies were prospective, [20] [21] [22] [23] 25, 26, 28 and were conducted between 2001 and 2014. Four studies were retrospective register studies where data were collected between 1973 and 2011. 12, 13, 24, 27 The studies came from nine different countries. No articles in Scandinavian languages were found.
In all studies the reason for hysterectomy was a benign cause, but the explicit causes were generally not reported. In the majority of the studies the salpingectomies were opportunistic. [20] [21] [22] [23] [24] [25] [26] 28 In the two retrospective register studies that evaluated the risk of EOC, the salpingectomy was for pathology in the fallopian tubes (indicated salpingectomy) and not concomitant with a hysterectomy. 12, 13 In these studies the cases were compared with controls that had not undergone surgery. Thus, the result of the review addresses 'salpingectomy per se' for EOC risk evaluation and 'salpingectomy concomitant with hysterectomy' for the evaluation of all other outcomes.
Idetification
Records identified through database searching (n = 1123)
Additional records identified through other sources (n = 40)
Did not fulfil PICO or other eligibility criteria (n = 815)
Abstracts screened (n = 844)
Full-text articles excluded (n = 18) See Table S2 Full-text articles assessed for eligibility (n = 29)
Studies included in the review (n = 11) See Table The quality assessment of the included studies is reported in Table S4 .
No study reported the outcomes survival or healthrelated quality of life.
Ovarian cancer
Two observational studies reported ovarian cancer as an outcome: one cohort study and one case-control study. 12, 13 Neither of these studies evaluated the risk reduction for ovarian cancer in patients undergoing hysterectomy and concomitant opportunistic salpingectomy compared with only hysterectomy. Both studies compared salpingectomy as an intervention with no surgery at all. In both studies the reason for salpingectomy was pathology of one or both fallopian tubes. Of note, patients who had undergone hysterectomy and concomitant salpingectomy were excluded in the cohort study because of limited sample size (n = 2646). 12 The cohort study reported an adjusted hazard ratio (aHR) for EOC of 0.65 (95% CI 0.52-0.81) after indicated salpingectomy, compared with no surgery at all. 12 Adjustments were made for age, calendar time, education status, and parity. Despite a large cohort (n = 33 433) only a few cases of EOC after salpingectomy were identified (n = 81).
The case-control study demonstrated an adjusted odds ratio (aOR) for EOC of 0.58 (95% CI 0.36-0.95) after indicated salpingectomy, compared with no surgery at all. 13 Adjustments were made for age, parity, and tubal ligation. Seventeen cases of EOC were included.
Both studies revealed a high risk of both indication and detection bias, because indicated salpingectomies rather than opportunistic salpingectomies were performed and compared with no surgery at all. The quality of evidence for the outcome ovarian cancer was rated as very low (GRADE ⊕◯◯◯).
Endocrine function
Three studies evaluated ovarian endocrine function after hysterectomy with opportunistic salpingectomy compared with hysterectomy only (Table 1) . 20, 21, 26 None of these studies reported any statistically significant difference in endocrine function of the ovary after short-term follow-up (1-6 months). Ovarian function was evaluated by different surrogate measures: hormones (luteinising hormone, LH; follicle-stimulating hormone, FSH; estradiol, E 2 ; and anti-M€ ullerian hormone, AMH) and ultrasound measurements (antral follicle count, AFC; mean ovarian volume; pulsatile index, PI; resistance index, RI; and systole/diastole ratio, S/ D). Patient-reported outcomes like menopausal symptoms have not been evaluated in any study.
The change in AMH was reported in two studies: one small RCT and one cohort study. 20, 26 In both studies AMH was measured before surgery and after 3 months. None of the studies found any statistically significant difference in DAMH after 3 months. Another RCT reported LH, FSH, E 2 , mean ovarian volume, PI, RI, and S/D ratio as a measure of ovarian function. 21 A limitation of this study was that it compared patients who underwent total bilateral salpingectomy with partial bilateral salpingectomy, where the neighbouring para-ovarian tissue was left behind. After 6 months followup there were no statistically significant differences in any of these parameters between the two groups.
All three studies had major limitations because of small sample sizes, young study populations, short follow-up, and the use of surrogate markers. One RCT used an inappropriate comparison group. 21 Another limitation for the cohort study was the use of historical controls. 26 The quality of evidence for the outcome endocrine function was rated as low (GRADE ⊕⊕◯◯).
Surgical data
Complications Five studies reported complications as an outcome after opportunistic or indicated salpingectomy compared with hysterectomy only (Table 2) : four cohort studies and one case series. [23] [24] [25] 27, 28 None of the studies reported any significant difference between the groups concerning complications related to surgery.
Two of the cohort studies evaluated laparoscopic surgery (Table 2) . 23, 27 Ghezzi reported no complications after total hysterectomy with bilateral salpingectomy after 1 month of follow-up compared with historical controls without bilateral salpingectomy, the data for which were found in medical records. 23 Vorwergk studied laparoscopy-assisted vaginal hysterectomy and reported complication rates of approximately 18% irrespectively of the addition of bilateral salpingectomy. 27 Both groups were retrospectively included and had different lengths of follow-up: 6-10 years for the hysterectomy group and 4-5 years for the group who had both hysterectomy and salpingectomy. The other studies did not report the method of surgery.
The largest cohort study (n = 43 931) reported only readmission and blood transfusion as outcomes, and there were no statistically significant differences between the groups. 24 No common standard for reporting complications was used and the results were therefore not possible to pool. Thus, the evidence regarding complications is based solely on observational studies, three out of four of which used historical controls as the comparison. The quality of evidence was rated as very low (GRADE ⊕◯◯◯).
Operative time
Six studies reported operative time as an outcome after opportunistic or indicated salpingectomy: one small RCT and five cohort studies. 1, [22] [23] [24] [25] 27 Three of the studies evaluated different laparoscopic surgeries: laparoscopic-assisted supracervical hysterectomy (LASH), 22 total laparoscopic hysterectomy (TLH), 23 and laparoscopic-assisted vaginal hysterectomy (LAVH), 27 whereas the other three studies did not report the method of surgery. 20, 24, 25 All studies were assessed as having a moderate or high risk of bias.
The RCT (n = 30) reported similar operative time comparing salpingectomy in addition to hysterectomy [115. Four of five cohort studies reported means (SDs), and their results were pooled in a meta-analysis (Figure 2A) . 22, 24, 25, 27 Data from Ghezzi were not included, 23 as they were reported as medians (ranges) and had an extreme, skewed distribution. The mean difference was 2.4 minutes (95% CI -12.5, 17.3 minutes) longer when salpingectomy was added. The heterogeneity between studies was large, mainly explained by the large cohort study (n > 12 000) reporting 16 minutes longer operative time. 24 The quality of evidence for the outcome operative time was rated as low (GRADE ⊕⊕◯◯). 
Length of hospital stay
Five cohort studies reported on length of hospital stay after opportunistic or indicated salpingectomy. [22] [23] [24] [25] 27 All studies suffered from moderate or high risk of bias, mainly based on the use of historical controls.
Hospital stay varied between 1.82 and 4.93 days in the intervention groups, 25, 27 and between 2.25 and 5.11 days in the control groups. 25, 27 Four of five cohort studies reported means (SDs), and their results were pooled in a meta-analysis (Figure 2B) . 22, 24, 25, 27 Data from Ghezzi were not included, as they were reported as median (range) and had an extreme, skewed distribution. 23 The mean difference was 0.18 days (95% CI -0.27, -0.10) shorter when salpingectomy was added. The quality of evidence for the outcome length of hospital stay was rated as very low (GRADE ⊕◯◯◯).
Results of the search for continuing studies
We identified 91 continuing trials in clinicaltrials.gov, 14 of which were potentially relevant for our question at issue (Table S5 ). Four RCTs evaluate the effect of salpingectomy on AMH levels, and two RCTs compare salpingectomy and tubal ligation and their effect on AMH levels. Two cohort studies evaluate the effect of salpingectomy on AMH levels. Furthermore, one of the cohort studies investigates whether women would opt for risk-reducing bilateral salpingectomy or standard tubal ligation when they are enrolled for sterilisation. None of the RCTs are designed to study risk reduction for ovarian cancer as a primary outcome.
Discussion

Main findings
The main finding in the present systematic review is that there is a lack of evidence regarding the effect of opportunistic salpingectomy on the risk reduction of EOC. In addition, the complications associated with opportunistic salpingectomy are not fully elucidated.
A strong opinion has evolved suggesting that opportunistic salpingectomy should be performed when benign hysterectomy is indicated to decrease the incidence of EOC later in life. 29 We have explored the current scientific support for the benefits and risks associated with opportunistic salpingectomy. In the systematic literature search, no study was found that evaluated the risk reduction of EOC after opportunistic salpingectomy. There is, however, increasing knowledge and consensus regarding the fallopian tube as the origin of HGSC, giving rise to the hypothesis of opportunistic salpingectomy as a prophylactic measure. 8, 30 Highgrade serous cancer is the most common EOC subtype, it is aggressive, carries p53 mutations in all stages, and has the worst prognosis of all EOCs. In addition, there is no effective screening method. Taken together, these factors strengthen the need to increase the knowledge regarding possible benefits and drawbacks with opportunistic salpingectomy at the time for hysterectomy and other benign procedures.
Two observational studies reported a reduced risk of EOC (35-42%) after indicated salpingectomy (for tubal pathology) compared with no surgery. 12, 13 Conditions involving chronic tubal inflammation (infection, hydrosalpinx, and endometriosis) constitute both an indication for salpingectomy, and are known risk factors for EOC. Indicated salpingectomy, as opposed to opportunistic salpingectomy, may therefore confound the results. Both studies were also limited by indirectness and uncertain precision because of the few cases of EOC. In two small RCTs and one cohort study only short-term surrogate outcomes (hormone and ultrasound measures) for ovarian function were investigated. 20, 21, 26 These studies reported no increased short-term risk for ovarian failure after salpingectomy. Hysterectomy by itself may cause procedure-induced menopause, and it is a concern that the addition of salpingectomy, because of the anatomical proximity to the ovaries, could further add to this risk. 31 Benign hysterectomies are usually performed in perimenopause, and one could argue that at this time of life, menopause will occur spontaneously within a short period; however, we have also noted suggestions of opportunistic salpingectomy at the time for sterilisation, and some health regions have already introduced this recommendation. Sterilisation is performed earlier in life, and potential ovarian failure followed by increased morbidity should be a concern. The HGSC originates in the transformation zone between tubal and peritoneal epithelium in the fimbriae of the fallopian tubes, and is often preceded by an STIC lesion. With this in mind, specific surgical precision and a very good knowledge of anatomy is needed when performing an EOC risk-reducing opportunistic salpingectomy so that the complete fallopian tube including all fimbriae will be removed with as little damage to the ovarian blood flow as possible.
Even though no increased risk of surgical complications was detected in the retrospective studies in this review, their results have to be evaluated as uncertain because of the comparison with historical controls. [23] [24] [25] 27 In one small RCT, operative time was the same in the control arm, whereas a large observational register study reported 16 minutes longer operative time if salpingectomy was added to hysterectomy. 20, 24 The heterogeneity in results stresses the need for a prospective trial. The potential increase in operative time will have implications for costs. The difference in hospital stay is biased by the use of historical controls, and explained by the trend in recent years to minimise the length of hospital stay.
Strengths
This is to our knowledge the first systematic review on the topic of 'opportunistic salpingectomy for ovarian cancer reduction'. It has been conducted according to a wellestablished routine for performing health technology assessments and was led by HTA expertise. The literature search was also conducted across HTA databases. This systematic review has included not only RCTs and other controlled studies, but also the appraisal of case series to capture complications. The confidence in the result for each outcome has been evaluated across studies and the certainty of evidence described. The search for continuing studies completes the review by identifying continuing studies and highlights the need for well-conducted prospective studies.
Limitations
The most important limitation of the review is the complete lack of studies evaluating opportunistic salpingectomy for the risk for EOC. The only studies addressing the critical outcome ovarian cancer were based on indicated salpingectomy and the comparison with no surgery.
The reporting of complications was heterogeneous without any common standard, and the results were not possible to pool. The potential risk of procedure-induced menopause/menopausal symptoms was not reported in any study. Instead, surrogate measures for ovarian function were reported. These hormones and ultrasound measures were also heterogeneous across studies and not possible to pool. Of further importance is that the short duration of follow-up has no impact on determining the onset of menopause. 32 The less important outcomes of operative time and hospital stay were included in meta-analyses, except for one study. The authors were not contacted for these missing data, as all studies were at high or moderate risk of bias. There were too few studies to perform a quantitative assessment of publication bias.
Interpretations
Despite that a rationale for the removal of the fallopian tubes exists, no study has evaluated the effect of opportunistic salpingectomy in conjunction with hysterectomy on ovarian cancer risk. Furthermore, the evidence for procedure-related safety is also only observational and shortterm. This systematic review points out several major knowledge gaps that need to be addressed. The most straightforward move to elucidate a possible EOC protective effect would be to conduct an RCT with or without a salpingectomy concomitant with a benign hysterectomy or sterilisation. 33 A register-based RCT will start recruitment in Sweden this year. The risk for complications would be available within a short time frame. Also the risk for procedure-induced menopause would be possible to acquire within a few years, but to analyse the effect on EOC would require 20-30 years of follow-up; however, if the results on all types of complications are reassuring, we would be confident in recommending salpingectomy to our patients and then wait for the result on EOC. The majority would agree that even a very small reduction of EOC incidence would be of benefit, because of the severity and the high mortality rate of the disease.
How important is the removal of the fallopian tubes? Should we change our way of surgery to reach the goal? If it is not possible to remove the fallopian tubes vaginally, should we proceed with a laparoscopy? Should we abandon hysteroscopy sterilisation and perform laparoscopic salpingectomy only? Should we remove the fallopian tubes from anyone who asks for the procedure? Moving along this line of questions it becomes even more obvious that we need more than circumstantial evidence on this topic to safely guide our patients.
Conclusion
The present systematic review demonstrates that despite a biological rationale for the removal of the fallopian tubes, no study has evaluated the effect of opportunistic salpingectomy in conjunction with hysterectomy on ovarian cancer risk. The risk of complications or adverse effects of the procedure are not yet fully elucidated. A randomised prospective trial is urgently needed to fully understand the risks and benefits of opportunistic salpingectomy.
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